US 20030219652A1

a2 Patent Application Publication o) Pub. No.: US 2003/0219652 A1l

a9 United States

Yoshida (43) Pub. Date: Nov. 27, 2003
(54) LITHIUM SECONDARY BATTERY AND (30) Foreign Application Priority Data
PROCESS FOR PRODUCTION OF
NEGATIVE ACTIVE MATERIAL THEREIN Oct. 10, 2001 (TP) e 2001-312910

(75) Inventor: Toshihiro Yoshida, Nagoya-city (JP)

Correspondence Address:

BURR & BROWN

PO BOX 7068

SYRACUSE, NY 13261-7068 (US)

(73) Assignee: NGK Insulators, Ltd., Nagoya-City (JP)
(21) Appl. No.: 10/401,267
(22) Filed: Mar. 27, 2003

Related U.S. Application Data

(63) Continuation of application No. PCT/JP02/10457,
filed on Oct. 9, 2002.

Publication Classification

(51) Int. CL7 oo HOIM 4/58; BOSD 5/12;
HOIM 4/50
(52) US.CL .. 429/231.95; 427/123; 429/224;
429/231.1

7) ABSTRACT

A lithium secondary battery of the present invention is
characterized in that the negative active material has a lattice
strain of 1% or less as measured by X-ray diffractometry, the
negative active material has a crystallite diameter of 150 A
or more as measured by X-ray diffractometry, and, in the
Raman spectrum of the negative active material obtained
with an argon ion laser beam, a ratio (Ib/Ia) of peak intensity
(Ib) at 1,330 to 1,360 cm™" to peak intensity (Ia) at 1,550 to
1,580 cm™ satisfies a relation of 0.1=Ib/Ia=0.8; hardly
shows a reduction in relative discharge capacity even at high
temperatures; and is superior in cycle characteristic.
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LITHIUM SECONDARY BATTERY AND PROCESS
FOR PRODUCTION OF NEGATIVE ACTIVE
MATERIAL THEREIN

TECHNICAL FIELD

[0001] The present invention relates to a lithium second-
ary battery and a process for production of a negative active
material used therein, particularly to improvement of nega-
tive active material.

BACKGROUND ART

[0002] In recent years, lithium secondary battery (herein-
after may be referred to simply as “battery”) has found wide
applications as a battery for an electric source of portable
electronic appliances such as mobile telephone, VIR, note
type computer and the like. Further, lithium secondary
battery, having a single cell voltage of about 4 V (which is
higher than those of conventional secondary batteries such
as lead-acid battery and the like) and a high energy density,
is drawing people’s attention not only as an electronic
source for the above-mentioned portable electronic appli-
ances but also as an electric source for start-up of a motor of
an electric vehicle (EV) or hybrid electric vehicle (HEV)
whose use by the public as a low-pollution vehicle is
promoted actively in the midst of recent environmental
problems.

[0003] This lithium secondary battery is constituted by a
positive electrode and a negative electrode both capable of
occluding and releasing lithium ion reversibly, and a non-
aqueous electrolytic solution which is a solution of lithium
ion dissolved in a non-aqueous solvent.

[0004] As the non-aqueous electrolytic solution, there is
generally used a solvent obtained by dissolving a lithium salt
in a carbonic acid ester solvent such as ethylene carbonate
(EQ), propylene carbonate (PC) or the like.

[0005] Also, as the active material for positive electrode,
there is used a lithium compound oxide such as lithium
cobalt oxide (LiCo0,), lithium nickel oxide (LiNiO,),
lithium manganese oxide (LiMn,0,) or the like.

[0006] As the active material for negative electrode, there
is used an amorphous carbon material called hard carbon, or
a highly graphitized carbon material such as artificial graph-
ite, natural graphite or the like.

[0007] In lithium secondary battery, there has heretofore
been used frequently, as the negative active material, a
highly graphitized carbon material because it can give a
battery superior in relative discharge capacity.

[0008] 1t is well known that lithium secondary battery
tends to become a high-temperature state when overcharged
or used continuously. In a lithium secondary battery using
the above-mentioned highly graphitized carbon material, it
is known that the carbon material is deteriorated in a
high-temperature state of battery and gives rise to a reduc-
tion in relative discharge capacity. The present inventors
applied a high load to a battery using a highly graphitized
carbon material as the negative electrode active material and
used the battery at a high temperature, and then decomposed
the battery to examine the negative active material. As a
result, it was found that lithium ion was trapped on the
surface of the highly graphitized carbon material and was in
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a dedoping-impossible state. From this, it can be presumed
that when the battery became a high-temperature state, the
surface of the negative active material composed of a highly
graphitized carbon material reacted with the non-aqueous
electrolytic solution and the function of the highly graphi-
tized carbon material as a negative active material was
deteriorated.

[0009] As a relevant prior art, there is disclosed the
following process (see, for example, Patent Literature 1
shown below), i.e. a process for producing a negative active
material constituted by composite particles composed of
mother particles (graphite) capable of occluding and releas-
ing lithium ion and child particles (an amorphous carbon
material) consisting of carbon having particle diameters
smaller than those of the mother particles, present on the
surfaces of the mother particles so as to form an integral
material, by using a mechanochemical treatment which
comprises mixing a powder of the mother particles (graph-
ite) with a powder of the child particles (an amorphous
carbon material) and applying a compressive force and a
shear force to the resulting mixed powder to obtain com-
posite particles wherein the child particles (an amorphous
carbon material) are present on the surfaces of the mother
particles (graphite) so as to form an integral material. By
using, in a lithium secondary battery, a negative active
material which is formed by covering the surfaces of mother
particles consisting of graphite, with an amorphous carbon
material highly resistant to high temperatures and which
retains a graphite property of superior relative discharge
capacity and yet is low in high-temperature deterioration, it
is possible to obtain a battery capable of maintaining its
energy density and output density at high levels even at a
high load, i.e. at high temperatures.

[0010] However, in the process which comprises applying
a compressive force and a shear force to a mixed powder of
mother particles (graphite) and child particles (an amor-
phous carbon material) to make the mother particles (graph-
ite) and the child particles (an amorphous carbon material)
into one integral material, the carbon material hardly sticks
to the surfaces of the graphite; therefore, there has been a
problem that when the battery obtained becomes a high-
temperature state, the mother particles consisting of graphite
and the child particles consisting of a carbon material tend
to peel from each other and this negative active material is
deteriorated easily.

[0011] Patent Literature 1: JP-A-11-265716

[0012] The present invention has been made in view of
such past problems and aims at providing a lithium second-
ary battery which hardly shows a reduction in relative
discharge capacity even at high temperatures and is superior
in cycle characteristic by using a negative active material
low in deterioration wherein only the surface and its vicinity
are made of an amorphous carbon material and its inside is
made of a crystalline graphite; and a process for producing
a negative active material used therein.

DISCLOSURE OF THE INVENTION

[0013] According to the present invention there are pro-
vided a lithium secondary battery and a process for produc-
ing a negative active material used therein as described
below.
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[0014] [1]Alithium secondary battery comprising a posi-
tive electrode formed using a positive active material and a
negative electrode formed using a negative active material,
characterized in that

[0015] the negative active material has a lattice strain
of 1% or less as measured by X-ray diffractometry,

[0016] the negative active material has a crystallite
diameter of 150 A or more as measured by X-ray
diffractometry, and

[0017] in a Raman spectrum of the negative active
material obtained with an argon ion laser beam, a
ratio (Ib/Ia) of peak intensity (Ib) at 1,330 to 1,360
cm™ to peak intensity (Ia) at 1,550 to 1,580 cm™
satisfies a relation of 0.1=(Ib/Ia)=0.8.

[0018] [2] A process for producing a negative active
material for lithium secondary battery, which comprises
heat-treating a raw material for a base material capable of
occluding and releasing lithium ion, and a raw material for
a surface material covering a surface of the base material, to
produce a negative active material for lithium secondary
battery comprising the base material and the surface material
covering the surface of the base material, characterized in
that

[0019] the base material comprises a first base mate-
rial which has come to have lithium ion occludability
and releasability by the heat-treating and/or a second
base material which is a carbon material inherently
having lithium ion occludability and releasability,
and

[0020] the process comprises coating the raw mate-
rial for the surface material on the surface of the raw
material for the first base material and/or a raw
material for the second base material to produce a
composite raw material, and then heat-treating the
composite raw material.

[0021] [3] A process for producing a negative active
material for lithium secondary battery according to the
above [2], wherein a material carbonizable by a heat treat-
ment is used as the raw material for the first base material
and as the raw material for the surface material.

[0022] [4] A process for producing a negative active
material for lithium secondary battery according to the
above [2] or [3], wherein a synthetic resin is used as the raw
material for the first base material and as the raw material for
the surface material.

[0023] [5] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [4], wherein a material graphitizable by a
heat treatment is used as the raw material for the first base
material.

[0024] [6] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [5], wherein a material capable of becoming
an amorphous carbon material by a heat treatment is used as
the raw material for the surface material.

[0025] [7] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [6], wherein an easily graphitizable resin is
used as the raw material for the first base material.
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[0026] [8] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [7], wherein an easily graphitizable carbon
material is used as the raw material for the second base
material.

[0027] [9] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [8], wherein a hardly graphitizable resin is
used as the raw material for the surface material.

[0028] [10] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [9], wherein a powdered material is used as
the raw material for the first base material and/or the raw
material for the second base material.

[0029] [11] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [10], wherein as a method for the coating,
there is used a spraying method which comprises dissolving
the raw material for the surface material in an organic
solvent and spraying the organic solvent, in a mist, onto the
raw material for the first base material and/or the raw
material for the second base material and/or an immersion
method which comprises immersing the raw material for the
first base material and/or the raw material for the second
base material in the organic solvent.

[0030] [12] A process for producing a negative active
material for lithium secondary battery according to any of
the above [2] to [11], wherein as a method for the heat
treatment, there is used a method which comprises conduct-
ing a heat treatment at such a temperature and for such a time
as the raw material for the first base material, constituting
the composite raw material is graphitized and the raw
material for the surface material, constituting the composite
raw material is not graphitized.

[0031] [13] A process for producing a negative active
material for lithium secondary battery by a heat treatment of
a graphitic carbon, characterized in that the graphitic carbon
is heat-treated in an oxygen-containing atmosphere.

[0032] [14] A process for producing a negative active
material for lithium secondary battery according to the
above [13], wherein the heat treatment is conducted at a
temperature of 500 to 1,000° C.

[0033] [15] A process for producing a negative active
material for lithium secondary battery according to the
above [13] or [14], wherein the heat treatment is conducted
using a rotary kiln.

[0034] [16] A process for producing a negative active
material for lithium secondary battery according to any of
the above [13] to [15], wherein air is used as the oxygen-
containing atmosphere.

[0035] [17] A process for producing a negative active
material for lithium secondary battery according to any of
the above [13] to [16], wherein a fibrous highly-graphitized
carbon is used as the graphitic carbon.

[0036] [18] A process for producing a negative active
material for lithium secondary battery by oxidation of a
graphitic carbon, characterized in that the oxidation of the
graphitic carbon is conducted by an oxidizing agent.
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[0037] [19] A process for producing a negative active
material for lithium secondary battery according to the
above [18], wherein an inorganic acid is used as the oxidiz-
ing agent.

[0038] [20] A process for producing a negative active
material for lithium secondary battery according to the
above [18] or [19], wherein a mixed acid of concentrated
nitric acid and concentrated sulfuric acid is used as the
oxidizing agent.

[0039] [21] A process for producing a negative active
material for lithium secondary battery by a physical treat-
ment of a graphitic carbon, characterized in that the graphitic
carbon is subjected to a high-impact treatment using a hard
rotary body.

[0040] [22] A process for producing a negative active
material for lithium secondary battery according to the
above [21], wherein the circumferential rotary speed of the
hard rotary body in the high-impact treatment is 50 to 100
m/sec.

[0041] [23] A process for producing a negative active
material for lithium secondary battery according to the
above [21] or [22], wherein a stainless steel-made or alu-
mina-made rotary body is used as the hard rotary body.

[0042] [24] A process for producing a negative active
material for lithium secondary battery according to any of
the above [21] to [23], wherein a rotary blade is used as the
hard rotary body.

[0043] [25] A lithium secondary battery comprising a
positive electrode formed using a positive active material
and a negative electrode formed using a negative active
material, characterized in that the negative active material
has been produced by a process for producing a negative
active material for lithium secondary battery set forth in any
of the above [2] to [24].

[0044] [26] A lithium secondary battery according to the
above [1] or [25], wherein the positive active material is a
lithium manganese compound oxide.

[0045] [27] A lithium secondary battery according to the
above [26], wherein crystal structure of the lithium manga-
nese compound oxide is a spinel structure.

[0046] [28] A lithium secondary battery according to the
above [26] or [27], wherein the lithium manganese com-
pound oxide contains a group IIIB element.

[0047] [29] A lithium secondary battery according to the
above [28], wherein the group IIIB element is aluminum
(Al) and/or boron (B).

[0048] [30] A lithium secondary battery according to any
of the above [26] to [29], wherein the lithium manganese
compound oxide contains vanadium (V).

[0049] [31] A lithium secondary battery according to any
of the above [26] to [30], wherein the lithium manganese
compound oxide contains nickel (Ni) and/or titanium (Ti).

[0050] [32] A lithium secondary battery according to any
of the above [26] to [31], wherein the ratio of lithium (Li)
and manganese (Mn) in the lithium manganese compound
oxide is (Li/Mn)=0.5 to 0.6 (molar ratio).
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[0051] [33] A lithium secondary battery according to any
of the above [1] and [25] to [32], wherein the battery
capacity is 2 Ah or more.

[0052] [34] A lithium secondary battery according to any
of the above [1] and [25] to [33], which is for mounting on
a vehicle.

[0053] [35] A lithium secondary battery according to the
above [34], which is for engine start.

[0054] [36] A lithium secondary battery according to the
above [34] or [35], which is for an electric vehicle or a
hybrid electric vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 is a graph showing a charge-discharge
pattern in a cycle test.

[0056] FIG. 2 is a graph showing the results of cycle tests
of Examples 1 to 5 and Comparative Example 1.

[0057] FIG. 3 is a graph showing the results of cycle tests
of Examples 6 to 12 and Comparative Example 2.

[0058] FIG. 4 is a graph showing the results of cycle tests
of Examples 13 to 15 and Comparative Example 3.

[0059] FIG. 5 is a graph showing the results of cycle tests
of Examples 16 to 18 and Comparative Example 4.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0060] The mode for carrying out the present invention is
described specifically below with referring to the accompa-
nying drawings.

[0061] The first aspect of the present invention is, as
described above, a lithium secondary battery comprising a
positive electrode formed using a positive active material
and a negative electrode formed using a negative active
material, characterized in that

[0062] the negative active material has a lattice strain
of 1% or less as measured by X-ray diffractometry,

[0063] the negative active material has a crystallite
diameter of 150 A or more as measured by X-ray
diffractometry, and

[0064] in the Raman spectrum of the negative active
material obtained with an argon ion laser beam, a
ratio (Ib/Ia) of peak intensity (Ib) at 1,330 to 1,360
cm™ to peak intensity (Ia) at 1,550 to 1,580 cm™
satisfies a relation of 0.1=(Ib/Ia)=0.8. Thereby, it is
possible to provide, as shown in the results of
Examples described later, a lithium secondary bat-
tery which hardly shows a reduction in relative
discharge capacity even at high temperatures and
which is superior in cycle characteristic.

[0065] Inthe present invention, the X-ray diffraction result
of a negative active material was obtained by analyzing a
diffraction image obtained from an ordinary X-ray powder
diffractometry, using the integral width method of Wilson;
specifically, there was used RINT 2000 Series Application
Software “Analysis of Crystallite Size and Lattice Strain”
(third edition, issued on Oct. 16, 1996) produced by Rigaku
Denki K.K. In this X-ray diffraction, counting time and
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X-ray intensity are adjusted so that the count number of
diffraction peak becomes 5,000 or more, in order to obtain
a measurement result of high accuracy. Further, as the peaks
used for calculation, there are appropriately selected at least
three peaks of largest intensity.

[0066] Also in the present invention, the Raman spectrum
was specifically measured using a spectrophotometer,
NR-1800 produced by Nihon Bunko K.K. and an argon laser
beam of 5,145 A wavelength, in a measurement range of 50
um at an exposure time of 60 seconds; and it was shown by
using the axis of abscissa as wave number (cm™) and the
axis of ordinate as intensity. Here, intensity refers to the
intensity of a light obtained by a charge-coupled device
(CCD) or the like, and the peak intensity in a given wave
number range refers to the intensity of each peak from
baseline.

[0067] In the lithium secondary battery of the present
invention, that only the surface and its vicinity of the
negative active material used are made of an amorphous
carbon material and the inside of the active material is made
of graphite, is specified by particular values; and the crys-
tallinity of the surface and its vicinity of the negative active
material is specified by Raman spectrum and the crystallin-
ity of the inside thereof is specified by X-ray diffraction.
Raman spectrum is measured by applying an argon laser
beam to a substance and detecting the resulting Raman
scattering light; however, since a visible light can generally
enter a substance only by about half wavelength, a surface
layer of about several hundred A is observed. In contrast, in
X-ray diffraction, the X-ray used has a high transmittancy
and reaches as deep as the inside of a substance and
accordingly the average of the whole substance is observed;
therefore, by investigation in comparison with the result of
Raman spectrum, the inside state of negative active material
can be grasped.

[0068] Specifically explaining, in Raman spectrum, the
peak of 1,330 to 1,360 cm™ corresponds to the peak of
amorphous substance and the peak of 1,550 to 1,580 cm™
corresponds to the peak of crystalline substance. Therefore,
it follows that the larger the Ib/la of peak intensity Ib to peak
intensity Ia, the higher the amorphism of surface. In X-ray
diffraction, the sharper the observed peak of a substance, the
higher its crystallinity; in order to indicate it numerically, the
integral width method of Wilson is used in the present
invention and the indication is made in terms of lattice strain
and crystallite diameter. In this case, the smaller the lattice
strain or the larger the crystallite diameter, the higher the
crystallinity.

[0069] The second aspect of the present invention is, as
described previously, a process for producing a negative
active material for lithium secondary battery, which com-
prises heat-treating a raw material for a base material
capable of occluding and releasing lithium ion and a raw
material for a surface material covering a surface of the base
material, to produce a negative active material for lithium
secondary battery comprising the base material and the
surface material covering the surface of the base material,
the process being characterized in that

[0070] the base material comprises a first base mate-
rial which has come to have lithium ion occludability
and releasability as a result of the heat treatment
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and/or a second base material which is a carbon
material inherently having lithium ion occludability
and releasability, and

[0071] the process comprises coating the raw mate-
rial for the surface material on the surface of the raw
material for the first base material and/or the raw
material for the second base material to produce a
composite raw material, and then heat-treating the
composite raw material. Thereby, the surface of the
graphite base material can be covered with a high
temperature resistant amorphous carbon material,
and it is possible to produce a negative active mate-
rial which retains a graphite property of hardly
showing a reduction in relative discharge capacity
and yet being low in the high-temperature deterio-
ration caused by the reaction between surface of
negative active material and non-aqueous electro-
Iytic solution. Further, by using a method which
comprises coating the raw material for the surface
material on the surfaces of the raw material for the
first base material and/or the raw material for the
second base material and then heat-treating the
resulting material to form an integral material, the
adhesivity between the base material (graphite) and
the surface material (an amorphous carbon material)
is enhanced and the peeling of the surface material
(an amorphous carbon material) from the base mate-
rial (graphite) is suppressed; as a result, there can be
produced a negative active material capable of pro-
viding a lithium secondary battery which hardly
shows a reduction in relative discharge capacity even
at high temperatures and which is superior in cycle
characteristic.

[0072] Inthe present invention, there is preferably used, as
the raw material for the first base material and the raw
material for the surface material, a raw material, which is
carbonizable by a heat treatment, specifically a synthetic
resin. There is preferably used, as the raw material for the
first base material, a material that is carbonizable by a heat
treatment and, as the raw material for the surface material,
amaterial that can become an amorphous carbon material by
a heat treatment. Thereby, it is possible to produce a negative
active material comprising a base material made of graphite
and an amorphous carbon material covering the surface of
the base material.

[0073] More specifically, an easily graphitizable resin is
preferably used as the raw material for the first base mate-
rial, an easily graphitizable carbon material is preferably
used as the raw material for the second base material, and a
hardly graphitizable resin is preferably used as the raw
material for the surface material.

[0074] In the present invention, the above-mentioned raw
material for the first base material and/or the above-men-
tioned raw material for the second base material are pref-
erably used in the form of powder. It is because when the
raw material for the first base material and/or the raw base
material for the second base material is used in the form of
mass or plate, a grinding step is necessary after their coating
with the raw material for the surface material; as a result, the
surface material is easily peeled from the base material and
moreover the base material has a surface portion not coated
with the surface material.
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[0075] Inthe present invention, it is preferred to use, as the
method for coating the raw material for the surface material
on the surface of the raw material for the first base material
and/or the raw material for the second base material, a
spraying method which comprises dissolving the raw mate-
rial for the surface material in an organic solvent and
spraying the organic solvent, in a mist, onto the raw material
for the first base material and/or the raw material for the
second base material, and/or an immersion method which
comprises immersing the raw material for the first base
material and/or the raw base material for the second base
material in the organic solvent, because uniform coating of
the surface material on the surface of the base material is
made possible.

[0076] As the method for heat-treating the composite
material obtained by using the above-mentioned coating
method, there is preferred a method which comprises con-
ducting a heat treatment at such a temperature and for such
a time as the raw material for the first base material,
constituting the composite raw material is graphitized and
the raw material for the surface material, constituting the
composite raw material is not graphitized. Thereby, it is
possible to produce a negative active material comprising a
base material made of graphite and an amorphous carbon
material covering the surface of the base material. Inciden-
tally, the specific temperature and time employed are
explained in Examples.

[0077] The third aspect of the present invention is a
process for producing a negative active material for lithium
secondary battery by a heat treatment of a graphitic carbon,
characterized in that the graphitic carbon is heat-treated in
an oxygen-containing atmosphere. In the process, the heat
treatment is conducted preferably at a temperature of 500 to
1,000° C. It is because when the heat treatment temperature
is less than 500° C., oxidation is unlikely to occur in view
of the reaction rate and, when the heat treatment temperature
is more than 1,000° C., the graphitic carbon burns com-
pletely and comes to have no amorphous layer remaining on
the surface. The heat treatment is conducted preferably by
using a rotary kiln. There is no particular restriction as to the
kind, etc. of the rotary kiln used, and an ordinary type can
be used. The oxygen-containing atmosphere may be an
atmosphere using air, and the graphitic carbon is preferably
a fibrous highly-graphitized carbon because it can give a
battery of low internal resistance.

[0078] The fourth aspect of the present invention is a
process for producing a negative active material for lithium
secondary battery by oxidation of a graphitic carbon, char-
acterized in that the oxidation of the graphitic carbon is
conducted by an oxidizing agent. In the process, as the
oxidizing agent, an inorganic acid is preferably used. As the
inorganic acid, a mixed acid of concentrated nitric acid and
concentrated sulfuric acid is preferred.

[0079] The fifth aspect of the present invention is a
process for producing a negative active material for lithium
secondary battery by a physical treatment of a graphitic
carbon, characterized in that the graphitic carbon is sub-
jected to a high-impact treatment using a hard rotary body.
In the high-impact treatment, the circumferential rotary
speed of the hard rotary body is preferably 50 to 100 m/sec.
It is because when the circumferential rotary speed is 50
m/sec or less, no sufficient impact force is applied to the
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graphitic carbon and, when the circumferential rotary speed
is 100 m/sec or more, the impact applied is too strong and
the graphitic carbon is broken. As the hard rotary body, a
stainless steel-made or alumina-made substance is prefer-
ably used because they have a high hardness and hardly
invite contamination with impurities. The hard rotary body
may be an ordinary rotary blade.

[0080] Next, description is made on the sixth aspect of the
present invention. The sixth aspect of the present invention
is a lithium secondary battery comprising a positive elec-
trode formed using a positive active material and a negative
electrode formed using a negative active material, charac-
terized in that the negative active material has been pro-
duced by a production process according to any of the
above-mentioned second to fifth aspects of the present
invention. Using a negative active material which is hardly
deteriorated even at high temperatures, the battery has merits
of hardly showing a reduction in relative discharge capacity
even at high temperatures and being superior in cycle
characteristic.

[0081] As other members (materials) constituting the
lithium secondary batteries according to the first and sixth
aspects of the present invention, various known materials
can be used. As the positive active material, for example,
there can be used lithium manganese compound oxides such
as lithium manganese oxide (LiMn,O,) and the like and
lithium transition metal compound oxides such as lithium
cobalt oxide (LiCoO,), lithium nickel oxide (LiNiO,) and
the like.

[0082] The lithium manganese compound oxide prefer-
ably contains a group IIIB element. The reason is not clear;
however, when a group IIIB element is contained in the
lithium manganese compound oxide, a lithium secondary
battery using the lithium manganese compound oxide as the
positive active material can have excellent long-term storage
capability. Incidentally, the IIIB group element is preferably
aluminum (Al) and/or boron (B) in view of the long-term
storability of lithium secondary battery, the availability and
handleability of a compound containing the element, etc.

[0083] The lithium manganese compound oxide is also
preferred to contain vanadium (V). A lithium manganese
compound oxide containing vanadium (V) is large in crys-
tallite size and can impart, to a lithium secondary battery
using it as the positive active material, a superior charge-
discharge cycle characteristic at high temperatures.

[0084] The lithium manganese compound oxide is also
preferred to contain nickel (Ni) and/or titanium (Ti). A
lithium manganese compound oxide containing nickel (Ni)
and/or titanium (Ti) is low in electrical resistance and a
lithium secondary battery using such a compound oxide as
the positive active material can have a low internal resis-
tance.

[0085] The ratio of lithium (Li) and manganese (Mn)
contained in the lithium manganese compound oxide is
preferably (Li/Mn)=0.5 to 0.6 (molar ratio), more preferably
0.52 to 0.6 (molar ratio), further preferably 0.52 to 0.58. A
(Li/Mn) of less than 0.5 is not preferred because a lithium
secondary battery using such a lithium manganese com-
pound oxide as the positive active material is high in cycle
characteristic deterioration. A (Li/Mn) of more than 0.6 is
not preferred because the resulting lithium secondary battery
has a small capacity.
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[0086] Then, the process for producing the above-men-
tioned lithium manganese compound oxide is described
briefly. First, there are prepared salts and/or oxides of the
individual elements (Li, Mn, other metal elements, etc.)
constituting the lithium manganese compound oxide. Need-
less to say, the salts of these elements, used as raw materials
are preferred to have high purity and be inexpensive. Spe-
cifically, they are preferably a carbonate, a hydroxide or an
organic acid salt; however, a nitrate, a hydrochloride, a
sulfate or the like may also be used. As necessary, salts and
oxides of Al, B, V, Ni, Ti and other elements may be
prepared.

[0087] A lithium salt and other raw materials, mentioned
above are mixed so as to give an intended composition; the
resulting mixed powder is fired in an oxidizing atmosphere
at 800 to 850° C. for 5 to 50 hours at least once; thereby, a
lithium manganese compound oxide whose crystal structure
is, for example, a spinel structure, can be obtained. Inciden-
tally, the oxidizing atmosphere refers generally to an atmo-
sphere having such an oxygen partial pressure that a sample
inside the firing furnace can give rise to an oxidation
reaction. It is specifically air, an oxygen atmosphere or the
like.

[0088] As the organic solvent used in the non-aqueous
electrolytic solution, there is preferably used a single solvent
or a mixed solvent, which can include y-butyrolactone,
tetrahydrofuran, acetonitrile, or a carbonic acid ester solvent
such as ethylene carbonate (EC), diethyl carbonate (DEC),
dimethyl carbonate (DMC) and propylene carbonate (PC),
and the like.

[0089] As the electrolyte, there are mentioned lithium
fluoride complex compounds such as lithium phosphate
hexafluoride (LiPF,) and lithium borofluoride (LiBF,), and
lithium halides such as lithium perchlorate (LiCl0O,). One
kind or more kinds thereof are dissolved in the above-
mentioned solvent and used. LiPFy is particularly preferred
because it is hardly decomposed by oxidation and gives a
non-aqueous electrolytic solution of high electrical conduc-
tivity.
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[0090] As to the structure of the battery, there can be
mentioned a coin cell type battery wherein a separator is
disposed between a positive active material and a negative
active material both of plate shape and an electrolytic
solution is filled; and a cylindrical or box-shaped battery
using an electrode body produced by winding or laminating,
via a separator, a positive electrode plate obtained by apply-
ing a positive active material on a metal foil and a negative
electrode plate obtained similarly by applying a negative
active material on a metal foil.

EXAMPLES

[0091] The present invention is described more specifi-
cally below by way of Examples. However, the present
invention is in no way restricted by these Examples.

[0092] (Production of Negative Active Materials)

[0093] 1,000 g of an easily graphitizable resin (a raw
material for the first base material) was powdered by a
vibration mill in dried air. A carbon material (a raw material
for the second base material) was used in a powder form.
Separately, 10 g of a hardly graphitizable resin (a raw
material for the surface material) was dissolved in 1,000 ml
of toluene. In the resulting toluene solution was immersed
the powdered easily graphitizable resin or the carbon mate-
rial powder for 5 minutes to coat the surface of the easily
graphitizable resin or the carbon material powder with the
hardly graphitizable resin; then, the toluene solution was
removed; the coated material was dried in a high-tempera-
ture vessel of 100° C. for 12 hours to produce composite raw
materials. Each composite raw material was heat-treated in
a nitrogen atmosphere, then disintegrated, and sieved so as
to have particle diameters of 100 um or less, whereby
negative active materials were produced (Examples 1 to 5
and Comparative Example 1). Incidentally, there are shown,
in Table 1, the kinds of each easily graphitizable resin,
carbon material and hardly graphitizable resin, the condi-
tions of heat treatment, and the Ib/Ia, lattice strain (%) and
crystallite diameter (A) of each negative active material
obtained.

TABLE 1

Raw material for
the first base

material X-ray diffraction
Positive (or raw material for Raman  Lattice Crystallite
active  the second base Raw material for Heat treatment spectrum  strain  diameter
material material) the surface material condition Ib/Ta (%) A
Example 1 LiMn,O, PAN-based easily Phenol-based hardly =~ 2800° C. x 5 hours 0.5 0.2 250
graphitizable resin graphitizable resin
Example 2 LiMn,O, Pitch-based easily Phenol-based hardly =~ 2000° C. x 5 hours 0.7 0.2 210
graphitizable resin graphitizable resin
Example 3 LiMn,O, Pitch-based easily Epoxy-based hardly ~ 2000° C. x 5 hours 0.8 0.5 180
graphitizable resin graphitizable resin
Example 4 LiMn,O, Fibrous graphitized Phenol-based hardly =~ 2800° C. x 5 hours 0.5 0.2 250
carbon graphitizable resin
Example 5 LiMn,O, Fibrous graphitized Phenol-based hardly =~ 2000° C. x 5 hours 0.6 0.2 220
carbon graphitizable resin
Comparative ~ LiMn,O, Negative active material: highly graphitized carbon material 0.05 0.1 450

Example 1
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[0094] Predetermined amount of fibrous highly-graphi-
tized carbon powder was fed into a rotary kiln; a graphitic
carbon was recovered at the downstream of the core tube of
the rotary kiln; thereby, various negative active materials
were produced (Examples 6 to 12 and Comparative Example
2). The rpm of rotary kiln and the slope of kiln core tube
were set so that the speed of treatment became 2 kg/hr.
Incidentally, there are shown, in Table 2, the amount of each
highly-graphitized carbon heat-treated, the atmosphere of
heat treatment, the conditions of heat treatment, and the
Ib/Ia, lattice strain (%) and crystallite diameter (&) of each
negative active material obtained.
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were subjected to heating and refluxing at a given tempera-
ture for 1 hour. Then, the mixed acid containing the graphite
powder was cooled to normal temperature and filtered to
recover an oxidized graphite powder. This graphite powder
was washed with water and dried at 100° C. for 24 hours to
produce various negative active materials (Examples 13 to
15 and Comparative Example 3). Incidentally, there are
shown, in Table 3, the amount of oxidation, the temperature
of oxidation, and the Ib/Ia, lattice strain (%) and crystallite
diameter (A) of each negative active material obtained.

TABLE 2
Amount of  Atmosphere Raman X-ray diffraction
Positive Heat-treatment  heat treatment of heat Condition of spectrum  Lattice Crystallite
active material apparatus (kg) treatment heat treatment Ib/Ta strain (%) diameter (A)
Example 6  LiMn,O, Rotary kiln 2 Air 500°C. x 1 hr 0.15 0.4 300
Example 7  LiMn,O, Rotary kiln 2 Air 800° C. x 1 hr 0.2 0.4 240
Example 8  LiMn,O, Rotary kiln 2 Air 1000° C. x 1 hr 0.25 0.5 170
Example 9  Al/B-containing Rotary kiln 2 Air 1000° C. x 1 hr 0.25 0.5 170
LiMn,O,
Example 10  V-containing Rotary kiln 2 Air 1000° C. x 1 hr 0.25 0.5 170
LiMn,O,
Example 11  Ni/Ti-containing Rotary kiln 2 Air 1000° C. x 1 hr 0.25 0.5 170
LiMn,O,
Example 12 Al/B-containing Rotary kiln 2 Air 1000° C. x 1 hr 0.25 0.5 170
Li; ;Mn, ;O,
Comparative LiMn,O, No heat treatment 0.05 0.1 450
Example 2

[0095] First, 16 liters of a 68% concentrated nitric acid
aqueous solution and 32 liters of a 96% concentrated sul-
furic acid aqueous solution were mixed at normal tempera-

TABLE 3
Amount of Temperature Time of Raman X-ray diffraction
Positive oxidation of oxidation reflux spectrum  Lattice Crystallite
active material Oxidizing agent (kg) “c) (hr) Ib/Ta strain (%) diameter (A)
Example 13 LiMn,0O, Cone. nitric acid + 1 100 1 0.25 0.15 300
conc. sulfuric acid
Example 14 LiMn,0O, Cone. nitric acid + 1 200 1 0.2 0.2 250
conc. sulfuric acid
Example 15 LiMn,O, Conc. nitric acid + 1 300 1 0.3 0.3 210
conc. sulfuric acid
Comparative LiMn,0O, No oxidation 0.05 0.1 450
Example 3

ture to produce a mixed acid of concentrated nitric acid and
concentrated sulfuric acid. Into this mixed acid was fed 1 kg
of a fibrous highly-graphitized carbon powder, and they

[0096] A Fibrous Highly-Graphitized Carbon Powder of
Given Amount was fed into Hybridizer NHS-1, a product of
Nara Kikai K.K., and subjected to a high-impact treatment
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at a predetermined circumferential speed using rotary
blades, to produce negative active materials (Examples 16 to
18 and Comparative Example 4). Incidentally, there are
shown, in Table 4, the material of rotary blade, the amount
subjected to high-impact treatment, the conditions of high-
impact treatment, and the Ib/Ia, lattice strain (%) and crys-
tallite diameter (A) of each negative active material
obtained.

TABLE 4
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plate. Using the positive electrode plate and the negative
electrode plate, a wound type electrode body was produced
and accommodated in a battery case; a non-aqueous elec-
trolytic solution was filled therein; thereby, various lithium
secondary batteries were produced (Examples 1 to 18 and
Comparative Examples 1 to 4). Here, as the non-aqueous
electrolytic solution, there was used a solution obtained by
dissolving LiPF, as an electrolyte in an equal-volume mixed

Amount of

X-ray diffraction

Positive Material of high-impact ~ Condition of high Raman spectrum  Lattice strain  Crystallite
active material rotary blade  treatment (kg) impact Ib/Ta (%) diameter (A)
Example 16 LiMn,O, Stainless 1 50 m/sec x S hr 0.4 0.1 240
steel
Example 17 LiMn,0, Stainless 1 75 m/fsec x 5 hr 0.5 0.2 200
steel
Example 18 LiMn,O, Alumina 1 100 m/sec x 5 hr 0.8 0.7 160
Comparative LiMn,O, No high-impact treatment 0.05 0.1 450
Example 4

[0097] (Production of the Positive Active Material
(Lithium Manganese Compound Oxide))

[0098] As raw materials for lithium manganese compound
oxide, there were prepared manganese salts (Mn salts), i.e.
MnO, and MnCO,, and lithium salts (Li salts), i.e. Li,CO,
and LiOH. They were mixed in required amounts so as to
become a compositional ratio of LiMn,O,. Each mixture
obtained was fired in an oxygen-containing atmosphere
under firing conditions of 800 to 850° C.x5 to 50 hours, to
obtain lithium manganese compound oxides (Examples 1 to
8, Examples 13 to 18 and Comparative Examples 1 to 4).

[0099] As raw materials for lithium manganese compound
oxide, there were prepared manganese salts (Mn salts), i.e.
MnO, and MnCO,, and lithium salts (Li salts), i.e. Li,CO,
and LiOH. They were mixed in required amounts so as to
become a compositional ratio of LiMn,O, or Li, ;Mn, ;O,.
To each mixture obtained were added, as additives, TiO,,
NiO, V,0s, B,0; and Al,O; [Example 9: Al,05=5, B,O;=
0.5; Example 10: V,04=0.5; Example 11: NiO=1.5, TiO,=
1.5; Example 12: Al,05=5, B,0;=0.5 (unit is a ratio (molar
ratio, %) relative to the amount (moles) of manganese salt)].
Then, the mixture was wet-stirred, dried and fired in an
oxygen-containing atmosphere under conditions of 800 to
850° C.x5 to 50 hours, to obtain lithium manganese com-
pound oxides (Examples 9 to 12).

[0100] (Production of Batteries)

[0101] The lithium manganese compound oxide obtained
by the above-mentioned production process was used as a
positive active material. Thereto was added acetylene black
as a conductivity-improving agent in an amount of 4% by
mass relative to 100% by mass of the compound oxide.
Further, a solvent and a binder were added to prepare a
positive electrode material slurry. The slurry was applied on
both sides of an aluminum foil of 20 um in thickness, in a
thickness (each side) of about 100 ym, to produce a positive
electrode plate. The negative active material obtained by the
above-mentioned production process was applied on both
sides of a copper foil of 10 um in thickness, in a thickness
(each side) of about 80 um, to produce a negative electrode

solvent of EC and DEC in a concentration of 1 mole/l. The
capacities of the batteries after initial charge were all about
10 Ah.

[0102] (Testing of Cycle Characteristic)

[0103] A cycle test was conducted by repeating a charge-
discharge cycle (one cycle) shown in FIG. 1. That is, one
cycle was set at a pattern of discharging a battery having a
charge state of 50% of depth of discharge, at a current of 100
A corresponding to 10 C (discharge rate) for 9 seconds, then
having a rest for 18 seconds, thereafter conducting charge at
70 A for 6 seconds, successively conducting charge at 18 A
for 27 seconds to allow the battery to again have a charge
state of 50%. Incidentally, by finely controlling the current
(18 A) of second charge, the variations in depth of discharge
in various cycles were minimized. Further, in order to know
the change in battery capacity in the durability test, capacity
measurement was made as necessary at a current of 0.2 C at
a charge stoppage voltage of 4.1 V at a discharge stoppage
voltage of 2.5 V; the battery capacity at a predetermined
cycles was divided by the initial battery capacity; the
resulting value was taken as relative discharge capacity (%).
In FIG. 2 is shown a graph indicating the results of cycle
tests of Examples 1 to 5 and Comparative Example 1. In
FIG. 3 is shown a graph indicating the results of cycle tests
of Examples 6 to 12 and Comparative Example 2. In FIG.
4 is shown a graph indicating the results of cycle tests of
Examples 13 to 15 and Comparative Example 3. In FIG. §
is shown a graph indicating the results of cycle tests of
Examples 16 to 18 and Comparative Example 4.

[0104] (Evaluation)

[0105] As seen from FIG. 2, the batteries of Examples 1
to 5 according to the present invention achieved a relative
discharge capacity of 83% or more in a cycle test of 20,000
times, and exhibited a cycle characteristic better than that of
Comparative Example 1 in which a negative active material
produced by the present invention was not used. This is
thought to be because the surface of a base material made of
graphite is covered with a surface material made of an
amorphous carbon material and the base material and the
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surface material are hardly peeled from each other and,
therefore, the high-temperature deterioration of the negative
active material is inhibited, resulting in improved cycle
characteristic.

[0106] As seen from FIG. 3, the batteries of Examples 6
to 12 according to the present invention achieved a relative
discharge capacity of 85% or more in a cycle test of 20,000
times, and exhibited a cycle characteristic better than that of
Comparative Example 2 in which a negative active material
produced by the present invention was not used. This is
thought to be because the surface of a graphitic carbon is
oxidized and only the surface and its vicinity have been
made amorphous and, therefore, the high-temperature dete-
rioration of the negative active material is inhibited, result-
ing in improved cycle characteristic. The batteries of
Examples 9 to 12 have been found to be even higher in
relative discharge capacity (%) after 20,000 cycles than
batteries having, as the positive active material, a lithium
manganese compound oxide without containing Al, B, V, Ni
or Ti.

[0107] As seen from FIG. 4, the batteries of Examples 9
to 11 according to the present invention achieved a relative
discharge capacity of 85% or more in a cycle test of 20,000
times, and exhibited a cycle characteristic better than that of
Comparative Example 3 in which a negative active material
produced by the present invention was not used. This is
thought to be because the surface of a graphitic carbon is
oxidized and only the surface and its vicinity have been
made amorphous and, therefore, the high-temperature dete-
rioration of the negative active material is inhibited, result-
ing in improved cycle characteristic.

[0108] As scen from FIG. 5, the batteries of Examples 12
to 14 according to the present invention achieved a relative
discharge capacity of 84% or more in a cycle test of 20,000
times, and exhibited a cycle characteristic better than that of
Comparative Example 4 in which a negative active material
produced by the present invention was not used. This is
thought to be because a graphitic carbon is subjected to a
high-impact treatment and the surface and its vicinity have
been made amorphous and, therefore, the high-temperature
deterioration of the negative active material is inhibited,
resulting in improved cycle characteristic.

[0109] The lithium secondary battery of the present inven-
tion is preferably used specifically in an internal electrode
body of wound type or lamination type, particularly in such
an internal electrode body having a capacity of 2 Ah or more.
There is no particular restriction as to the applications of the
present lithium secondary battery; however, the present
battery is preferably used for motor drive of an electric
vehicle or a hybrid electric vehicle, or engine start-up, as a
battery for vehicle in which discharge of large current takes
place frequently and which tends to become a high-tem-
perature state.

[0110]

[0111] As described above, in the lithium secondary bat-
tery of the present invention, the lattice strain and crystallite
diameter of the negative active material as measured by
X-ray diffractometry are in predetermined ranges, and the
Raman spectrum of the negative active material has particu-
lar peaks; therefore, the present battery hardly shows a
reduction in relative discharge capacity and is superior in
cycle characteristic.

Industrial Applicability
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[0112] According to the process of the present invention
for producing a negative active material for lithium second-
ary battery, a raw material for surface material is coated on
the surface of a raw material for base material to produce a
composite raw material and this composite raw material is
heat-treated; therefore, there can be produced a negative
active material which has a high adhesivity between the base
material and the surface material and which is hardly
deteriorated even at high temperatures.

[0113] Further According to the process of the present
invention for producing a negative active material for
lithium secondary battery, a graphitic carbon is (1) heat-
treated in an oxygen-containing atmosphere, (2) oxidized by
an oxidizing agent, or (3) subjected to a high-impact treat-
ment by a hard rotary body; therefore, there can be produced
a negative active material which has a high adhesivity
between the base material and the surface material and
which is hardly deteriorated even at high temperatures.

[0114] Further, the lithium secondary battery of the
present invention uses a negative active material obtained by
any of the production processes mentioned above; therefore,
it has advantages of hardly showing a reduction in relative
discharge capacity and being superior in cycle characteristic.

1. A lithium secondary battery comprising a positive
electrode formed using a positive active material and a
negative electrode formed using a negative active material,
characterized in that

the negative active material has a lattice strain of 1% or
less as measured by X-ray diffractometry,

the negative active material has a crystallite diameter of
150 A or more as measured by X-ray diffractometry,
and

in a Raman spectrum of the negative active material
obtained with an argon ion laser beam, a ratio (Ib/Ia) of
the peak intensity (Ib) at 1,330 to 1,360 cm™" to peak
intensity (Ia) at 1,550 to 1,580 cm™" satisfies a relation
of 0.1=(Ib/Ia)=0.8.

2. A process for producing a negative active material for
lithium secondary battery, which comprises heat-treating a
raw material for a base material capable of occluding and
releasing lithium ion, and a raw material for a surface
material covering a surface of the base material, to produce
a negative active material for lithium secondary battery
comprising the base material and the surface material cov-
ering the surface of the base material, characterized in that

the base material comprises a first base material which has
come to have lithium ion occludability and releasability
by the heat-treating and/or a second base material
which is a carbon material inherently having lithium
ion occludability and releasability, and

the process comprises coating the raw material for the

surface material on the surface of the raw material for

the first base material and/or a raw material for the

second base material to produce a composite raw

material, and then heat-treating the composite raw
material.

3. A process for producing a negative active material for

lithium secondary battery according to claim 2, wherein a
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material carbonizable by a heat treatment is used as the raw
material for the first base material and as the raw material for
the surface material.

4. A process for producing a negative active material for
lithium secondary battery according to claim 2 or 3, wherein
a synthetic resin is used as the raw material for the first base
material and as the raw material for the surface material.

5. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to 4,
wherein a material graphitizable by a heat treatment is used
as the raw material for the first base material.

6. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to 5,
wherein a material capable of becoming an amorphous
carbon material by a heat treatment is used as the raw
material for the surface material.

7. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to 6,
wherein an easily graphitizable resin is used as the raw
material for the first base material.

8. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to 7,
wherein an easily graphitizable carbon material is used as
the raw material for the second base material.

9. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to &,
wherein a hardly graphitizable resin is used as the raw
material for the surface material.

10. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to 9,
wherein a powdered material is used as the raw material for
the first base material and/or the raw material for the second
base material.

11. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to 10,
wherein as a method for the coating, there is used a spraying
method which comprises dissolving the raw material for the
surface material in an organic solvent and spraying the
organic solvent, in a mist, onto the raw material for the first
base material and/or the raw material for the second base
material, and/or an immersion method which comprises
immersing the raw material for the first base material and/or
the raw material for the second base material in the organic
solvent.

12. A process for producing a negative active material for
lithium secondary battery according to any of claims 2 to 11,
wherein as a method for the heat treatment, there is used a
method which comprises conducting a heat treatment at such
a temperature and for such a time as the raw material for the
first base material, constituting the composite raw material
is graphitized and the raw material for the surface material,
constituting the composite raw material is not graphitized.

13. A process for producing a negative active material for
lithium secondary battery by a heat treatment of a graphitic
carbon, characterized in that the graphitic carbon is heat-
treated in an oxygen-containing atmosphere.

14. A process for producing a negative active material for
lithium secondary battery according to claim 13, wherein the
heat treatment is conducted at a temperature of 500 to 1,000°
C.

15. A process for producing a negative active material for
lithium secondary battery according to claim 13 or 14,
wherein the heat treatment is conducted using a rotary kiln.
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16. A process for producing a negative active material for
lithium secondary battery according to any of claims 13 to
15, wherein air is used as the oxygen-containing atmo-
sphere.

17. A process for producing a negative active material for
lithium secondary battery according to any of claims 13 to
16, wherein a fibrous highly-graphitized carbon is used as
the graphitic carbon.

18. A process for producing a negative active material for
lithium secondary battery by oxidation of a graphitic carbon,
characterized in that the oxidation of the graphitic carbon is
conducted by an oxidizing agent.

19. A process for producing a negative active material for
lithium secondary battery according to claim 18, wherein an
inorganic acid is used as the oxidizing agent.

20. A process for producing a negative active material for
lithium secondary battery according to claim 18 or 19,
wherein a mixed acid of concentrated nitric acid and con-
centrated sulfuric acid is used as the oxidizing agent.

21. A process for producing a negative active material for
lithium secondary battery by a physical treatment of a
graphitic carbon, characterized in that the graphitic carbon is
subjected to a high-impact treatment using a hard rotary
body.

22. A process for producing a negative active material for
lithium secondary battery according to claim 21, wherein the
circumferential rotary speed of the hard rotary body in the
high-impact treatment is 50 to 100 m/sec.

23. A process for producing a negative active material for
lithium secondary battery according to claim 21 or 22,
wherein a stainless steel-made or alumina-made rotary body
is used as the hard rotary body.

24. A process for producing a negative active material for
lithium secondary battery according to any of claims 21 to
23, wherein a rotary blade is used as the hard rotary body.

25. A lithium secondary battery comprising a positive
electrode formed using a positive active material and a
negative electrode formed using a negative active material,
characterized in that the negative active material has been
produced by a process for producing a negative active
material for lithium secondary battery set forth in any of
claims 2 to 24.

26. A lithium secondary battery according to claim 1 or
25, wherein the positive active material is a lithium man-
ganese compound oxide.

27. A lithium secondary battery according to claim 26,
wherein crystal structure of the lithium manganese com-
pound oxide is a spinel structure.

28. A lithium secondary battery according to claim 26 or
27, wherein the lithium manganese compound oxide con-
tains a group IIIB element.

29. A lithium secondary battery according to claim 28,
wherein the group IIIB element is aluminum (Al) and/or
boron (B).

30. Alithium secondary battery according to any of claims
26 to 29, wherein the lithium manganese compound oxide
contains vanadium (V).

31. Alithium secondary battery according to any of claims
26 to 30, wherein the lithium manganese compound oxide
contains nickel (Ni) and/or titanium (Ti).

32. Alithium secondary battery according to any of claims
26 to 31, wherein the ratio of lithium (Li) and manganese
(Mn) in the lithium manganese compound oxide is (Li/Mn)=
0.5 to 0.6 (molar ratio).
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33. Alithium secondary battery according to any of claims 36. A lithium secondary battery according to claim 34 or
1 and 25 to 32, wherein the battery capacity is 2 Ah or more. 35, which is for an electric vehicle or a hybrid electric
34. Alithium secondary battery according to any of claims vehicle.

1 and 25 to 33, which is for mounting on a vehicle.
35. A lithium secondary battery according to claim 34,
which is for engine start. L



